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(54) Reinforcing member with intersecting support legs 



(67) A reinforced structural member is provided 
whfch includes a reinforcing member received in the 
cavity (92) of a structural member (22). The reinforcing 
member (20A) includes a carrier (28) having divergent, 
intersecting legs (54.56) which preferably engage and 
rest upon the structural member (22), a thermally ex- 
pandable reinforcing material (30), and a fastener (32) 
for coupling the reinforcing material (30) to the carrier 
(28). Thethemiaily expandable reinforcing material (30) 
is preferably provided as separate elements positioned 



on the earner (28), whereby upon activation by heat, the 
expandable material (30) melts, foams and expancte so 
that after curing, the structural member (22) is bonded 
to the carrier (28). The shape of the carrier (28) in com- 
bination with the expanded reinforcing material (30) 
serves to stiffen and reinforce the structural member 
(20). The themially expandable material (30) is prefer- 
ably initially dry and non-tacky, and the fasteners (32) 
serves to maintain the relative position of the reinforcing 
material elements (34,36,38.40) on the carrier (28) prior 
to activation of the reinforcing material (30). 
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[00011 This Invention concerns the use of thermally expansible foaming materials, particularly theimally exoansible 
foaming stmcturalrelnfordng materials, which are coupled toacarrierhal^^ 
member gMng additional located stiffness 10 fra^^^ 

Z^ntlT " " T"' manne or a^^^^^^^^^ 

reinforcementto enhance structuralstrengthorprovide energy managemenlduringcrash%m^^^ 
Description of the Prior Art 

100021 It has long been recognKed that foamable materials n«y be used to bond toaether seoarate eomnonontc 
Structural foams urethanas. and other thermally expansible toalg ma.^^^ 

perfom^ance and prov.de structural rigidity. Examples of thermaiy expansible structumi «inforcing ^enTs uTeTon 
canierB .nt e automotive field are illustrated in U.S. Patent No. S.I 94.1 99 to Thum. U.S. PatentNo TaTSs tolien 
et al.. and U.S. Patent N^. 5,575.526 and 5.755.486 to Wycech. Another example of the use of theSJSpanSble 
r„ ^It T ^T^' ^""'r "'f* '"'"'"^ ' "^"^ composition is shown in U.S. Patent No. S.SOeSo So e af 

i^inc^"^ such Showings disclose various uses of expandable materials in reinforcing, baffling and sealant ap- 
p^-cat ons. there h^ developed a need for a simplified reinforcing memb^^ 

taS "^n^Z"2Tr^'' '''' materials' Which are initla?yX^d n^. 
tacky are prefeired n the manufacturing context Such materials having shipping and handling advantaoL- notabh, 
this type of re-nforcing material does not readily adhere to shipping containe^.?o y^o^T^rC^^^^a 
T' r ? ''''^['^^ ^""^^ into contact with the material. ^ being non tSmese 

Thlt. ^«ad.ly r«,a,n dW. dust or other contaminants. Addrtionally. these material7will no" readi V aie^^ 

:::rn:frsrgmS:;^^"^"""'^^-^^^ 



SUMMARY OF THE INVENTION 



H L °«""9 "«"*er Of the present invention provides significant advantages over prior carrier and ex 

pandable matenal combinations in manufacturing, handling and use over prior carrier and ex^anl e^Zina rah 
r '^r""'^- '^^r^^^^^ -^-^^^ provides support to an adjacent stnictur^fmembiri^^^^^ 
the expansible foamrng structural reinforcing material to the carrier, with the carrier including intersectina leas for r^ 

SorL rr? "rrji- '^"^'^ ^ "'^'^^ p^""" '^^^ ^^'^'^^^^'^s '-^teriai to roaraSe^Kpa^ 

upon ad vatjon to bond to two or more surfaces of the structural member to be reinfo«=ed while the malSs held J 
place by the astener. and may beconfiguredto isolate the reinforcing material fromsomeseqmel^o^ 
the foamed structural reinforcing material. The use of mechanical fasteners enabi Jthe initially non-LlJTrartuS 
ZSlT !k '^J^'"'^''' 'o^^t'o"* and orientations whereby upon actS.te relnToS 

matenal may foam, thereby expanding to bond the carrier to the surrounding structure. The iniers«t^na ie^ onEe 

r^"^; "T. 1'""'^.-'' ' " ''^'"'^ '^""^ the surrounding ^r.^ ulStef " 
JOOOSJ BroadV speaking, the present invention includes a carrier which has two or more intersectimTtere lor oosi 
tioning the earner, an expansible foaming structural reinlorcing material, whfch is prele^l^te^v a^^a ^d^^^ 

of diSnt S . ""'"^^ surrounding stmctural member. The legs of ieSmay be 

?>Tf!^!T^l^'°""-::i"^ P'"""^' ''^^^ « combination of ffeVanda^re surfaces 

rem^r«r<h'« rr''^^'^ 

thematenaltoshrf^upon impact and provide manufacturingtoleranoe.ln one embodmem.thefastLrmL;^ 

Z iT H ^"'^ °f»"'"8 i" the ca rier. In anothrembodT^m 

ihefa^enermay be provided aeatabwhichmay be bent to grasp th^ 

member is typically received in a structural member such as a my or channel which provides a Sv^ f or ,^lg 2 
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Structural member therein with the reinforcing material In engagement with or proximate to the structural member prior 
to aeration. 

(0006) The reinforcing material is thermally expansible, eitherby internally created thermal energy orby the external 
application of heat to activate the material. As used herein, the term "thermally expansible" means to foam and thereby 
expand by both internally created themial energy andthe external application of heat to expand andfoamthe reinforcing 
material. The thennally expansible reinf ordng material is preferably a synthetic resin-based mate rial which foams when 
subjected to temperatures achieved during baking In a manufacturing process (e.g., such as during the paint and 
powder coat bake stage of automobile manufeciuring processes). THus. the expansion temperature of the material 
should be at least about SOCF. 

[0007J The foregoing advantages to the present invention will be readily appreciated by those skilled in the art with 
reference to the drawings and description which follow, which are Intended to be exemplary rather than limiting. 

BRIEF DESCRIPTION OF THE DRAWINGS 

«5 [0008] 

Figure 1 is a plan view of a reinforcing member with the cover of the slnjctural member removed to show the 
positioning of two sections of the reinforcing material held by the pins; 

Fig. 2 is a vertical cross-sectional view taken alone fine 2-2 of Fig. 1 through the reinforcing member and surround- 
ing structural member of the present im/ent»n, with the expandable reinforcing material provided in sections at- 
tached to the carrier by a pin; 

Flg. 3 Is a vertteal sectional view taken along line 3-3 of Rg. 2. with the right sidewall of the structural member 
broken away to show the reinforcing material attached to a side leg of the carrier; 

Fig. 4 is a vertical cross-sectional view of a second embodiment of the present irivention taken through the rein- 
forcing member and surrounding structural member to show an alternate configuration of the canier including 

upwardlyextendinguppersupport legs and divergent legs receivingreinforcingmaterialontheside-faclnBsurfaces 
thereof; 

Fig. 5 is a vertical cross-sectional view of a third embodiment of the Invention taken through the reinforcing member 
and surrounding stmctural memberto show the divergent legs intersecting with a top panel of the carrier and the 
aj reinforcing material positioned thereon; 

Fig. 6 is a vertical sectional view taken along line 6-6 of Fig. 5; 

Fig. 7 is a plan view of afourth embodiment of the invention, shi^ with the floor pan removed to reveal the internal 
constnjctlon thereof; 

Fig 8 Is a vertteal cross-sectional view taken along line 8-8 of Fig. 7 showing the carrier having opposite-facing 
half-cylmdeis with fasteners hoMIng the reinforcing material in the U-shaped upper and lower grooves deHned 

thereby; 

Fig^ 9 is a vertical cross-sectional view of a fifth embodiment of the invention taken through the reinforcing member 
and sunounding stmctural member to show a carrier configured similariy to that shown in Fig. 1 and having at- 
tachment tabs along the edges of the upper panel for gripping the reinforcing material positioned thereon- 
Fig. 10 IS a plan view of a sixth embodiment of the invention similar to that shown in Fig. 1 but wherein the fastener 
for holding the material elements to the upper plate of the carrier include bendable tabs located along the side 
margins of the upper plate of the earner; 

Fig. 1 1 is a vertk^l cross-sectional view taken along line 1 1 -1 1 of Fig. 1 0; 

Fig. 1 2 is a plan view of a seventh embodiment of the invention showing a carrier configured similariy to that shown 
in Fig. 1 and having bendable attachment tabs fomed into the upper panel of the carrier interioriy of its edges and 
penetrating through stots provided in and gripping the reinforcing material placed thereon- 
Fig 13 is a vertical cross-seclional view taken along line 13-13 of Rg. 12, showing the talis gripping the material 
on the upper plate of the carrier; 

Fig 14 is a vertical secttonal view of a still further embodiment in accordance with the invention similar to the 

embodiment of Figs. 1-3,butwithadditionalexpandable material secured tothe central upright portton of thecarrier 
Fig. 15 IS a vertical sectional view taken along line 15-15 of Fig. 14; and 

Fig. 1 6 is a vertical sectional view similar to that of Fig. 15 but depicting the structural member after expansk>n of 
the structural reinforcing material. 

M DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0C09J Referring now to the drawings, a struchiral reinforcing member 20 in accordance with the present invention 
IS configured for posiUoning in a structural member22. The stmctural member 22 may include, for example, a channel 
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24 Of an automobile used as a frame member such as an engine or side rail and covered with a flat plate 26 for use 
as a floor pan. However, this is only one appllcallon for the present Invention, which may be used as a component of 
the fuselage or wing of an aircraft, the hull or bulkhead of a boat or ship In marine applications, or as beams or com- 
ponents of floors, walls or ceilings of a building. 

[0010] The reinforcing member 20A as shown in Figs. 1-3 broadly Includes a carrier 26, expandable reinforcing 
material 30 and a fastener 32 for mechanically interconnecting the reinforcing material 30 to the earner. The reinforcing 
material 30 is preferably provided as discrete reinforcing material elements 34, 36, 38 and 40 attached to the earner 
28 by respective fasteners 32 In positions on the cannier which are sufficiently proximate the structural member 22 to 
permit the material elements to expand upon activation and bond to both the structural member 22 and the carrier 28 
[00111 'n greater detail, the carrier 28 is preferably elongated and configured as two interconnected, back-to-back 
sheet metal sections 42 and 44. Each section 42 and 44 Includes an upper shelf 46 virtiich collectively define an upper 
panel 48. The shelves 46 each include an upturned flange 50 at the outer edge. An upright web 52 extends downwardly 
from the shelves 46 to respective first and second divergent legs 54 and 68 which diverge from intersection 57 Each 
of the divergent legs includes an upper elbow 58. an outwardly and downwardly extending skirt 60 having at least one 
hole 62 therein, and an Inwardly extending foot 64 whfch is configured to rest on the opposed inner wall surface of the 
channel 24, The shelves 46 further include a first, relatively large opening 66 for receiving fastener 32 therethrough 
and a second, smaller hole 68 spaced from opening 66 for receiving a rivet 70, sheet metal screw or the like therethrouah 
to hold the earner 28 to the plate 26. 

(0012J The reinforcing material 30 used in the present invention is a dry, initially non-tacky material that develops 
adhesion upon foaming and expansion so that It adheres to the sun-ounding structural members when activated. Ac- 
tivation may be by heating, such as occurs In automobile assembly plants. When subjected to a temperature of at least 
about SOC^F, the themiaily expansible reinforcing material should have a percent expansion of at least about 40% 
preferably at least about 1 25%, and more preferably at least about 150%, but less than about 300% to provide sufficient 
^ structural reinforcement and compressive strength, wherein the percent expansion (as used herein) is defined as: 

1 00 X {[(the specific gravity of the material 30 before heating) - (the 
specific gravity of the material 30 after heating)) / (the specific gravity 

30 

of the material 30 after heating)}. 

[0013] One particularly preferred composition for use as material 30 is commercialized under the name SikaReln- 
forcer (Sika Corporation, Madison Heights. I^ichigan). In more detail, the most preferred material 30 comprises- from 
35 about 20-30% by weight of a slyrene-butadiene-styrene (SBS) block co-polymer (e.g., Rna Clear 530® )• from about 
5-20% by weight of a polystyrene (e.g., Fina Crystal 500® and Fina Crystal 535®); from about 30-45% by weight of 
a bisphenol A-based liquid epoxy resin (e.g. Araldile 601 0® and Epon 71® ); from about 0.5^5% by weight of a pigment 
such as carbon black; up to about 5% by weight butadiene acrylo nitrile rubber (Nipol 1411); from about 1-10% bv 
weight hydrated amorphous silica (HiSII 233); from about 1 0-20% by weight glass mfcrospheres (Scotchlite S60)- frorn 
about 0.1-5% by weight of a blowing agent such as azodicarbon amide (e.g.. Celogen A2 765® , Celogen A2 754A® 
and Celogen A2 130® ); from about 0.01-5% by weight of a catalyst such as IM. N. dimethyl phenyl urea (U405)' frorrl 
about 0.1 -5% by weight of a curing agent such as dicyandiamkiG (DDA1 0); and up to about 5% by weight of a "kicker- 
such as zmc oxide to tower the blowing temperature, with all percents by weight being based upon the total weioht of 
the material taken as 1 00% by weight. 

[001 4] A particularly pref en-ed composition of the material 30 is about 1 2.94% by weight polystyrene about 23 22% 
by weight SBS block copolymer, about 0.57% by weight carbon black, about 1 .90% by weight butadiene acrylonitrile 
rubber, about 4.28% by weight hydrated amorphous silica, about 38.07% by weight bisphenol A-based liquid epoxy 
resin, about 14.75% by weight glass microspheres, about 0.46% by weight zinc oxide, about 2.85% by weight dicvan- 
diamide, about 0.38% by weight N,IM dimethyl phenyl urea, and about 0.57% by weight azodicarbonamide In certain 
applications where increased compressive strength and reduced foaming and expansion is desired, the foregoing may 
be adjusted such that the polystyrene is reduced to about 12.63% by weight, the SBS block copolymer is reduced to 
about 22.59% by weight, and the butadiene acrylonitrile njbber is Increased to about 2.85% by weight 
[0015] The material 30 can be formed by mixing the SBS block co-polymer with a small portion (about 1/40th of the 
total amount) of the bisphenol A-based liquid epoxy resin in a heated mixer until the temperature of the mixer reaches 
from about 240-260'»F (the temperature of the mixture within the mixer is at least about 175-F) and the mixture is 
subslanlially homogeneous, at which time the polystyrene is added to the mixer and mixing is conbnued After the 
polystyrene is substantially mixed with the SBS block co-poiymer/epoxy resin mixture, the remainder of the bisphenol 
A-based epoxy resin is slowly added to the mixer, stopping and starting the mbcer as necessary, with the ingredients 
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being thoroughly mixed to obtain a substantially homogeneous mixture. The desired amount of this mbrture is placed 
in B healed mixer (set at a temperature of about 250«F) and mixing is commenced. While mixing, the carbon black and 
rubber are added to the mixer and mixing is stopped once a homogeneous mixture Is obtained within the mixer Either 
the silica or glass microspheres is added lo the mixer, and mixing Is resumed and continued until the mixture is homo- 

5 geneous. This step Is repeated, adding the other of the silica or glass microspheres. 

[0016] The temperature of the mixer is then set to a temperature below 1B0'»F, the blowing agent{s), catalyst(s), 
kicker, and curing agent(s) are added and mixing is resumed and continued only until the mixture is homogeneous. 
The resulting mixture is then preferably extmded into strands (at an extruder temperature of 170-180'F and screw 
rotation speeds of about 400 rpm) and cut into pellets. The resulting pellets are injection molded at a temperature of 

10 about 1 80-200» F using Injection molding equipment designed lo f onn the desired shape of the portion to be attached 
to the carrier 28. 

[0017] The material elements 34 and 36 are configured as essentially flat, rectangular shaped pieces sized for receipt 
on the upper panel 48. Each element 34 and 36 includes a circular opening 72 extending to the outer margin of the 
elements 34 and 36 for receipt of the rivet 70 or other fastener therein and radially spaced outwardly therefrom. A hole 
74 having a recess 76 is also provided in the elements 34 and 36 for receiving the fastener 32. illustrated as a nylon 
push pin. therethrough, the head of the fastener being at least partially received in the recess 76. 
[0018] The material elements 38 and 40 are configured as etongated prisms for mounting on the outward-facing 
sides 78 and 80 of the legs 54 and 66, respectively. The elements 38 and 40 each include an aperture 82 for receiving 
the fastener 32 therethrough, with a depression 84 for facilitating access to the fastener 32 during assembly. The 
material elements 38 and 40 are oriented to expand and foam during heating to bond the carrier 28 to the sidewalls 
86 and 88. respectively, of the channel 24. while the base 90 of the channel 24 opposite plate 26 Is not contacted by 
the expanded reinforcing material. 

[0019] The reinforcing member 20 is preferably attached to the plate 26 by rivets or the like, the plate is placed on 
the channel 24 so that the reinforcing member 20 is positioned within the cavity 92 defined by the plate and channel. 
The structural member is then placed in an oven and baked in an oven at a temperature of at least about SOO^F and 
more preferably about 325*F for a period of between about 10 to about 30 minutes which causes the material to foam, 
and may be cooled at room temperature and thereafter again placed into the oven for a similar period. After cooling' 
the reinforcing material will have expanded by foaming and bonded to the Interior of the structural member as shown 
in Fig. 3, having expanded at least 40%, and more preferably 1 25%, and most preferably at least about 1 50%. but less 
than about 300% to provide adequate rigidity and compressive strength. As shown by the dashed lines in Fig 3 the 
resulting reinforced structural member 94 will include the carrier 28 wrth the intersecting tegs bonded by the reinforcing 
material 30 to the sunounding structural member 22 whereby additional stiffness and strength is imparted lo the stmc- 
tural member without the added weight which would result if the cavity 92 were completely filled with the reinforcina 
material 30. ^ 
[0020] Fig. 4 Illustrates a second embodiment 20B of the reinforcing member which is similar to that shown in Figs 
1 -3. with like numbers used to Indicate like components. The reinlorcing member 20B Includes a modified carrier 96 
of continuous and unitary construction, wherein the upper panel 98 has outer bends 100 and 102 along its lateral 
edges. The upper panel 98 is held in place by inclined side panels 1 04 and 1 06. The divergent legs 1 08 and 11 0 extend 
downwardly to engage the channel 24 at their respective inwardly turned feet 112 and 114 which may rest against the 
channel 24. A vertically shortened web is provided at waist section 116, whereby the legs 1 08 and 1 1 0 intersect with 
the waist halves 1 1 8 and 1 20 maintained in contact by a spot weld, a threaded fastener, rivet, or otherf astening member. 
The reinforcing member 20B is used as described above with respect to Figs. 1-3. 

[0021] Figs. 5 and 6 illustrate a third embodiment 20C of the reinforcing member with like numberc used to indicate 
like components. The reinforcing member 20C is simllarto that shown in Figs. 1 through 4 but is provided with elongated 
supporting legs 122 and 124 wherein the web 52 is eliminated. The legs 122 and 124 are respectively located on 
rnverted generally L-shaped halves 126 and 128 having shelves 1 30 and 132 which form upper plate 48. The shelves 
and legs intersect at junction 134 which may be provided with spot welds longitudinally therealong to hold the halves 
1 26 and 1 28 together. The upper plate receives material elements 34 and 36 thereon as described above, but supporting 
legs 122 and 124 receive prism-shaped skie material elements 136 and 138 whteh are slightly increased in height lo 
ensure sufficient contact with the sidewalls of the channel 24 during expansion. The material elements are held in 
place by nylon push pin fasteners 32 as described above. The reinforcing member 20C is used as descn-bed above 
with respect to Figs, 1-3. 

[0022] Figs. 7 and 8 Illustrate a fourth embodiment 20D of the reinforcing member of the present invention. The 
carrier 140 of the fourth embodiment includes two V-shaped earner halves 142 and 144. the latter Inverted. Eachcanler 
half includes two divergent legs 146 and 148 intersecting at an apex 150. with the halves 142 and 144 joined at their 
respective aptees by spot welding 1 60 or mechanical fasteners. The material 30 is shown in two prism-shaped upper 
and lower elements 152 and 154 respectively received within the legs 146 and 148 of each half 142 and 144. Thus 
upon heating, the upper element 1 52 foams and expands to contact the plate 26 while the lower element 1 54 foams 
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and expands to contact the channel 24 along lis base 90. While only two upper and lower prism-shaped elements are 
illustrated, it may be appreciated that an additional side-facing reinforcing material elements may be positioned between 
the respective legs 146 of each half 142 and 144, with another relnrorcing material element positioned between the 
respective legs 148 of each half 142 and 144. The reinforcing material elements are secured to the can-ler 140 prior 
to foaming and expansion by fasteners 32, such as push pins, Inserted through holes 1 56 with their heads received in 
depressions 158. The carrier 1 40 may be temporarily secured to thef lat plate 26 by spot welding 1 60 along the margins, 
rivets, or other fasteners. Thereafter, the reinforcing member 20D is baked to foam and expand the material 30 and 
bond to the surrounding structural member as described above. 

[0023] A fifth embodiment of the reinforcing member 20E of the present Invention is shown In Fig. g, the top plan 
view being substantially similar to that shown In Fig. 7. However, the reinforcing member 20E is provided with a camer 
1 61 comprising two laterally elongated halves 1 62 and 1 B4 having arcuate walls 1 66 and 168, respectively. The arcuate 
walls are shown as being substantially circular in configuration, but other arcuate shapes would also be acceptable for 
distributing loads applied thereon. The halves 1 62 and 1 64 are preferably connected by spot welding 1 60 or fasteners 
at their intersection 169 approximately midway across the width of the channel 24, and along the edges 170 of the 
walls to the plate 26 by spot welding 1 60 or fasteners whereby the canier 1 61 has a substantially hourglass shape 
The walls 1 66 and 1 68 thus each present divergent legs 1 71 and 1 72 having openings 1 73 therein for receiving fas- 
teners 32 therethrough. The reinforcing material 30 is provided as elongated substantially half-cylindrical elements 
174 and 1 76 having holes 178 and depressions 180 aligned with the openings 172 for receiving fasteners 32 there- 
through. Upon heating as described above, the material 30 expands, whereby element 174 bonds the carrier to the 
20 plate 26 and the element 176 bonds the carrier to the base 90. 

[0024] A sixth embodiment 20F of the reinforcing member of the present invention is shown in Figs. 1 0 and 11 . The 
reinforcing member 20F is similar to that Illustrated In Figs. 1-3 and like numbers are used to Indicate like elements. 
However, instead of employing separate fasteners to connect the reinforcing material elements 34 and 36 to the upper 
panel 48, the fastener Is provided as an integral component of the carrier 184, and an elongated rectangular upper 
25 reinforcing element 182 Is provided. The carrier 184 includes bendable sheet metal tabs 186 longitudinally spaced 
along the side margins 1 88 and 190 of the shelves 46 of the carrier 1 84 tor holding the element 1 82 onto the upper 
panel 48 prior to attachment of the carrier to the plate 26 by rivets 70. The tabs 1 86 include a finger 192 which extends 
inwardly from the flanges 50 along the side margins 188 and 1 90 toward the center of the carrier 1 84 lo grip Into and 
hold the element against lateral or longitudinal movement. The use of the reinforcing member 20F is as described with 
30 reference to Rgs. 1 -3 above. 

[0025] A seventh embodiment 20G of the reinforcing member of the present invention Is shown in Figs. 12 and 13. 
The reinforcing member 20G is srnilarto that shown in Figs. 1-3 and 10 and 11 and like numbers are used to indicate 
like elements. However, the canier 1 94 of the reinforcing member 20G includes gripping tabs 1 96 formed in the shelves 
46 of the carrier 1 94 inboard of the side margins 1 88 end 1 90, with the upper reinforcing element 1 98 configured to 
present slots 200 therethrough in registry with the gripping tabs 196. Cuts are provided In the sheet metal making up 
the shelves 46 to present openings 202. and the gripping tabs 196 are turned upwardly to present an upper stretch 
202 extending through the thickness of the material element 196 and a finger 206 turned over the material inboard (or 
outboard, as desired) of the slot 200 so that the finger grips the material element 196 to resist longitudinal or lateral 
movement thereof. The use of the reinforcing member 20G is as described above. 

[0026] Each of the reinforcing members 20A. 20B, 20C. 20D, 20E, 20F and 20G as described herein are positioned 
in the cavity 92 of the structural member 22 and preferably coupled to the plate 26 prior to activation of the material 
30. Upon heating of the material 30 as described above, the reinforcing elements 34 and 36, 152. 1 62, 1 82, and 1 98 
melt, foam and expand to contact the carrier and the plate 26 of the structural member 22. Simultaneously, the elements 
38 and 40 or 136 and 138 mell and expand within cavity to connect and bond the depending, divergent legs of the 
carrier with the sidewalls 86 and 88. With respect to the stnictural reinforcing members 20D and 20E. the material 30 
provided as elements 154 and 164 melts and expands to bond the carrier to the base 90 and inclined walls 208 and 
210 of the structural member 22. After curing of the material, the structural member Is substantially stiffened. The 
divergent, intersecting legs of the earner serve lo help locate it in the cavity 92 and in some applications will eliminate 
the need to attach the carrier to the plate 26, as the legs are supported by the structural member 22 and the fasteners 
hold the material 30 in place prior to heating. 

[0027] Attention is next directed to Figs. 14-16 virhteh illustrate a further embodiment of the invention whteh is very 
similar to the original embodiment of Figs. 1-3; accordingly, like reference numerals are applied to like components in 
these embodiments. The principal difference between the embodiment of Figs. 14-1 6 and that of Figs. 1-3 is the pro- 
vision of additional expandable material in the form of a pair of elongated elements 212. 214 affixed to and extending 
along the length of the web 52. These elements 212, 214 are secured thereto by spaced fasteners 216 which extend 
through appropriate openings In the elements and the web as best seen In Fig. 1 5. The elements 21 2. 21 4 are formed 

of conventlonal.hlghly expandable material which will expand underthe same bakingconditionsasthe elements 34-40 
but to a much greater volumetric extent. An exenr^lary material for use in elements 212, 214 is disclosed in U S Patent 
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No . 5,266.1 33 to Hanley et al., which is Incorporated by reference. Such a material is nnariceted underthe name SilcaBat- 
fie 240 by Sika Corporation. 

[002B] Fig. 16 illustrates the configuration of this embodiment afterbaking. That is, the elements 34-40 each expand 
to assume configurations of the type shown at 34a, 36a, 38a and 40a, so that a bonding occurs between adjacent 
5 surfaces of the strudural member to provide stiffening and stmctural support. In addition however, the elements 212, 
214 expand to essentially completely till the void or open space not filled by the expansion of the elements 34-40, as 
seen at 214a. 21 2a. The use of such additional, highly expansible elements provides additional support forthe structural 
member 

[0029] Although prefen-ed forms of the invention have been described above, it Is to be recognized that such disclo- 
10 sure is by way of illustration only, and should not be utilized in a limiting sense in interpreting the scope of the present 
invention. Obvious modifications to the exemplary embodiments, as hereinabove set forth, could be readily made by 
those skilled in the art without departing from the spirit of the present Invention. For example, while the earner as 
described herein is shown generally of metal such as steel or aluminum, it may also be provided of nylon or other 
synthetic resin having a melting temperature substantially above the temperature at whteh the reinforcing material 30 
melts and expands. Additionally, the reinforcing material may be provided of other compositions such as two-component 
foaming compositions which have an exothermic chemical reaction when combined whteh will react and foam to bond 
the earner to the structural member after curing. 

[0030] The inventors hereby state their intent to rely on the Doctrine of Equwalents to determine and assess the 
reasonably fair scope of their Invention as pertains to any apparatus not materially departing from but outside the literal 
20 scope of the invention as set out in the following claims. 

Claims 

25 1 . A reinforced structural member comprising: 

a channel (24) presenting a base (90) and a pair of generally upright sidewalls (86,88); 
a plate (26) overiying said channel (24) to define a cavity (92) bounded by said channel (24) and said plate (26); 
a carrier (28,96,140,161 ,184,194) positioned in said cavity (92). said canrier (28,96,140,161,184,194) having 
^0 two intersecting divergent legs (54,56,108,110,122 ,124 ,146,148,171,172); 

a thermally expansible reinforcing material (30); and 

a fastener (32) coupling said reinforcing material (30) to at least one of said legs (64,56 108 
110.122,124,146,148,171,172). 

35 2. The memberof claim 1 . said reinforcing material (30) comprising an SBS block co-polymer, a polystyrene, a rubber, 
a bisphenol A-based liquid epoxy resin, carbon black, silica, glass microspheres, a blowing agent, a catalyst, and 
a curing agent. 

3. The member of claim 1 or 2, there being reinforcing material (30) coupled to both of said legs 
40 (54,56.108,110,122,124,146.148,171,172). 

4. The member of one of the preceding claims, there being reinforcing material (30) coupled to said camcr 
(28,96,140,184,194) above said legs (54,56,108, 110.122,124). 

45 5. The member of one of the preceding claims, said canier having an upper shelf (46,130,132) generally transverse 
to said sidewalls (86,88) there being reinforcing material (30) coupled to the face of said shelf (46) remote from 
said legs (54,56.122.124). 

6. The member of one of the preceding claims, said legs each having an elongated foot (64,1 12,1 14) engaging a 
so corresponding portbn of said channel (24). 

7. The member of one of the preceding claims, said carrier presenting inclined side panels (104,106) extending 
upwardly from said legs (1 08,11 □) and supporting an uppermost panel (98), there being reinforcing material (30) 
secured to the face of said panel (98) remote from said legs (1 08,110). 



55 



8. The memberof one of claims 1-6, said canrier presenting an uppennost panel (48), said legs (122,124) extending 
downwardly from said panel (4B) to engage said channel (24). 
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d. The member of one of claims 1-3, said camer (140) presenting two opposed carrier halves of generally V-shaped 
cross-sectional configuration (142,144). there being reinforcing material (30) secured to each of said halves. 

1 0. The member of one of claim 1 -3, said carrier (161) presenting two opposed carrier halves of arcuate cross-sectional 
5 configuration (162,164). there being reinforcing materia! (30) secured to each of said halves (162.164). 

11. The memberof one of the preceding claims.saidfastener(32)comprlsinggrippln9tabs(196)fom^edlns^ 
(194), said tabs extending into slots (200) formed in said reinforcing material (30). 

10 12. The member of one of the preceding claims, said fastener (32) comprising a synthetic resin friction fastener 

13. The member of one of the preceding claims, including synthetic resin expansible material (30) coupled to said 
camer different than said first-mentioned reinforcing material (30), said different material (30) operable upon heal- 
ing to essentially completely fill said cavity (92). 



15 



14. The member of claim 13, said dflTerent material (212,214) secured to said carrier (28) above said legs (54.56). 
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